Background-Women have an increased risk of rehospitalization in the immediate postdischarge period; however, few studies have determined how readmission risk dynamically changes on a day-to-day basis over the full year after hospitalization by sex and how these differences compare with the risk for mortality. Methods and Results-We identified >3 000 000 hospitalizations of patients with a principal discharge diagnosis of heart failure, acute myocardial infarction, or pneumonia and estimated sex differences in the daily risk of rehospitalization/ death 1 year after discharge from a population of Medicare fee-for-service beneficiaries aged 65 years and older. We calculated the (1) time required for adjusted rehospitalization/mortality risks to decline 50% from maximum values after discharge, (2) time required for the adjusted readmission risk to approach plateau periods of minimal day-to-day change, and (3) extent to which adjusted risks are greater among recently hospitalized patients versus Medicare patients. We identified 1 392 289, 530 771, and 1 125 231 hospitalizations for heart failure, acute myocardial infarction, and pneumonia, respectively. The adjusted daily risk of rehospitalization varied by admitting condition (hazard rate ratio for women versus men, 1.10 for acute myocardial infarction; hazard rate ratio, 1.04 for heart failure; and hazard rate ratio, 0.98 for pneumonia). However, for all conditions, the adjusted daily risk of death was higher among men versus women (hazard rate ratio women versus with men, <1). For both sexes, there was a similar timing of peak daily risk, half daily risk, and reaching plateau. Conclusions-Although the association of sex with daily risk of rehospitalization varies across conditions, women are at highest risk after discharge for acute myocardial infarction. Future studies should focus on understanding the determinants of sex differences in rehospitalization risk among conditions. (Circ Cardiovasc Qual Outcomes. 2017;10:e003271.
F ew studies have assessed sex differences in rehospitalization outcomes. The scarce data available indicate that compared with men, women of all age groups have an elevated risk of rehospitalization up to a year after discharge for acute myocardial infarction (AMI). [1] [2] [3] [4] [5] [6] However, sex differences in patterns of rehospitalization risk with regard to other conditions have been relatively unexplored. In contrast to rehospitalization, many studies have investigated sex differences in mortality. For example, the majority of studies have demonstrated that sex is not consistently shown to be independently associated with mortality risk after hospitalization for acute conditions. [7] [8] [9] The crude differences in mortality risk by sex have generally been explained by age and comorbidity. 8 There are several key gaps of knowledge that persist for understanding rehospitalization risk, particularly examining differences in risk by sex. First, no previous study has specifically assessed sex differences in rehospitalization risk and how these differences compare with the risk for mortality. Second, most studies have focused on a single admitting condition [1] [2] [3] [4] [5] [6] and have not evaluated these relationships for their generalizability across multiple reasons for hospitalization. Third, most studies have only assessed short-term outcomes only ≤30 days after hospital discharge. 1 In addition, all of this previous work has generally focused on the rate at which specific outcomes occur over discrete time periods (eg, 30-day readmission) rather than understanding how readmission risk dynamically changes on a day-to-day basis over the Sex Differences in Rehospitalization Risk full year after hospitalization. As a result, the association of sex with rehospitalization risk in the year after hospital discharge remains poorly characterized. This is an important gap in knowledge because these data can provide requisite information not only for patients, particularly women, in understanding their expected trajectory of recovery after discharge across multiple conditions, but may also stimulate hospitals and health systems to identify future targets for interventions to reduce adverse outcomes during the highest risk periods for patients.
Accordingly, we examined national Medicare data to determine sex differences in the magnitude and duration of rehospitalization risk after hospitalization for heart failure (HF), AMI, and pneumonia. We focused on these 3 conditions because they are among the most common reasons for hospitalization, have established risk models for adjustment, and have been a focus of national quality improvement. 10, 11 For each, we assessed sex differences in the time needed for readmission risk to peak after discharge, decay by 50%, and achieve plateau periods of minimal day-to-day change. We also assessed sex differences in the risk of hospitalization after discharge with the risk of hospitalization in the general Medicare population. Last, to provide further perspective on risk trajectories for rehospitalization, we compared results to sex-specific risk trajectories for mortality in the year after discharge. Our objective was to produce knowledge that could improve prognostication and guide future strategies to improve outcomes after hospitalization.
Methods

Study Sample
We used Medicare Standard Analytic and Denominator files to identify hospitalizations at acute care hospitals from 2008 to 2010 with a principal discharge diagnosis of HF, AMI, or pneumonia. Cohorts were defined with International Classification of Diseases, Ninth Revision, Clinical Modification codes identical to those used in the Centers for Medicare and Medicaid Services publicly reported readmission and mortality measures (Table I in the Data  Supplement) . [12] [13] [14] [15] [16] We included hospitalizations among patients aged 65 years or older. Patients were excluded on the basis of in-hospital death, <1-year postdischarge enrollment in Medicare fee-for-service (FFS) in the absence of death, transfer to another acute care facility, and discharge against medical advice. We also excluded hospitalizations with <1 year of enrollment in Medicare FFS in the year before hospitalization because previous claims data are needed to identify comorbidities used in risk adjustment. Similar to the Centers for Medicare and Medicaid Services measures, our analyses of rehospitalization used all index hospitalizations across 3 years of study. Our analyses of death used 1 random hospitalization per patient over the 3-year period.
Study End Points
For the year after hospitalization, we identified the occurrence of the first rehospitalization and death by sex on each day after hospital discharge after adjustment for age, race, income, and comorbidities. As with the Centers for Medicare and Medicaid Services measures, 13, 14, 16 we only included readmissions to short-term acute care hospitals and excluded rehospitalizations that were considered planned based on the presence of specific International Classification of Diseases, Ninth Revision, Clinical Modification procedure and principal diagnosis codes. 17 In parallel with the Centers for Medicare and Medicaid Services measures, we did not consider transfers to other hospitals on the day of discharge or the next day after discharge to be rehospitalizations. 13, 14, 16 
Comparator Population
To compare the adjusted risks of rehospitalization and death by sex after hospitalization for HF, AMI, or pneumonia with the adjusted risk of all-cause hospitalization and death in the general elderly population, we constructed a comparator population using the 2009 Medicare Provider Analysis and Review and Denominator files. Using Medicare Provider Analysis and Review, we included all Medicare FFS beneficiaries who were aged 65 years or older on January 1, 2009 and had at least 12 months of enrollment in Medicare FFS in the absence of death. For purposes of adjustment, we identified patient age, sex, and race using 2008 to 2010 Medicare Denominator files. We identified the median household income in the patient's zip code of residence using American Community Survey files from 2007 to 2011.
Outcomes
Sex Differences in the Daily Risk of Rehospitalization and Death
We estimated the adjusted daily risks of both first rehospitalization and death by sex after hospitalization for HF, AMI, or pneumonia. Adjustment was made for age, race, income, and comorbidities. As done previously, 18 we categorized age into 3 categories (65-74, 75-84, and 85+ years), race into 3 categories (white, black, and other), and income into 3 categories (low income: ≤3rd decile of US median zip code income; median income: between 3rd and 7th decile of US median zip code income; and high income: ≥7th decile of US median zip code income). To characterize the length of time required for the adjusted risks of first rehospitalization and death to decline to
WHAT IS KNOWN
• Women, when compared with men, have an increased risk of rehospitalization in the immediate postdischarge period; however, few studies have determined how readmission risk dynamically changes on a dayto-day basis over the full year after hospitalization by sex and how these differences compare with the risk for mortality.
WHAT THE STUDY ADDS
• This is the largest study to date with the most comprehensive ascertainment of outcomes to investigate sex differences in patterns of daily risk for rehospitalization and mortality.
• We demonstrate a heterogeneous association of sex with risk of rehospitalization across admitting conditions, although women had a modest but significantly higher readmission risk after AMI; in contrast, men are consistently at higher risk of death across all conditions. • In all cases, however, risks of both rehospitalization and mortality remain elevated for an extended period after hospital discharge. • This information is important for patients, particularly women, in understanding their expected trajectory of recovery after discharge across multiple conditions. a clinically significant extent, we calculated the number of days required for each of these risks to decline 50% from its maximum value after discharge for both men and women. To characterize the length of time required for the adjusted risks of first rehospitalization and death to approach a time period of minimal day-to-day change, we calculated the time required for the daily change in adjusted risk of each to decline 95% from its maximum daily decline after discharge for both sexes.
Sex Differences in the Relative Risk of Hospitalization and Death in the Study Populations Compared With the Medicare FFS Population
To compare the magnitude of risk after hospitalization with the magnitude of risk in the general elderly population by sex, we first calculated the cumulative incidence of hospitalization and death by day (1-365) after hospital discharge after hospitalization for HF, AMI, or pneumonia and compared these with the cumulative incidence of hospitalization and death in the comparator population of Medicare FFS beneficiaries, after adjusting for age, race, income, and comorbidities.
Statistical Analyses
Sex Differences in the Daily Risk of Rehospitalization and Death
For men and women separately, we fit survival models for the adjusted risk of first rehospitalization and death after hospitalization for HF, AMI, or pneumonia. In survival models for first rehospitalization, we considered death before first rehospitalization as a competing risk. We therefore calculated the adjusted subdistribution hazard for first rehospitalization derived from the cumulative incidence function for each day (1-365) after hospital discharge using the approach by Fine and Gray 19 that corrects for competing risk. Adjustment was made for age, race, income, and comorbidities as described above (full list of comorbidities are presented in Table II in the Data Supplement). The difference in adjusted risk between sexes was tested by Gray test. 20 We also tested an age by sex interaction to explicitly examine whether rehospitalization and mortality was modified by age (using <75 or ≥75 years of age based on previous studies). [21] [22] [23] Data were censored at planned readmission 17 or at 1 year after hospital discharge, whichever occurred first. We used the bootstrap method with 500 iterations to construct 95% confidence intervals (CIs) for hazard rates and the time required for these hazard rates to decline by 50% from their maximum hazard after discharge for each sex.
In survival models for death, there was no competing risk, and data were censored at 1 year after the discharge of the index hospitalization. We calculated adjusted hazard estimates for death after hospital discharge using Cox proportional hazard regression with adjustment made for age, race, income, and comorbidities. The proportionality assumption was tested and met for the Cox proportional hazard models used. The difference between sexes was tested by the Wald test. As with calculation of adjusted readmission risk, we used the bootstrap method with 500 iterations to construct 95% CIs for adjusted hazard rates for death and the time required for these adjusted hazard rates to decline by 50% from their maximum hazard after discharge for each sex.
To calculate the daily change in adjusted risk of first rehospitalization and death with time after hospital discharge, we calculated the differences in 3-day average kernel-smoothed hazard estimates 24 between each day and the preceding day for each sex. For each day after maximum hazard, we divided the daily change in adjusted risk by its maximum daily decline after discharge. We used the bootstrap method with 500 iterations to construct 95% CIs for the number of days required for the daily change in adjusted risk to decline 95% from its maximum daily decline after discharge.
Sex Differences in the Relative Risk of Hospitalization and Death in the Study Populations Compared With the Medicare FFS Population
For each sex in the comparator population of 2009 Medicare FFS beneficiaries, we first calculated the 1-year cumulative incidence of hospitalization and 1-year cumulative incidence of death. We then prorated both 1-year incidence rates over days and compared them with the cumulative incidence of rehospitalization and cumulative incidence of death by day (1-365) after hospitalization for HF, AMI, or pneumonia for each sex. The cumulative incidence of rehospitalization was estimated using the Fine and Gray method, 19 and the cumulative incidence of death was estimated using life table estimates for the HF, AMI, and pneumonia cohorts. To make study and comparator populations more similar in age, race, and income, we estimated the cumulative incidence of rehospitalization and death for age-raceincome strata within each sex group. We then directly standardized the sex-stratified study population to the Medicare FFS population to calculate the relative risk of age-race-income standardized cumulative incidence of hospitalization and death, separately. We calculated 95% CIs of the relative risk of hospitalization and death between sexstratified study cohorts and the Medicare FFS population over the first 30, 60, 90, 180, and 365 days after discharge. Analyses were primarily conducted using SAS 9.3 (SAS Institute, Cary, NC). We obtained Institutional Review Board approval, including waiver of the requirement for participant informed consent, through the Yale University Human Investigation Committee. 
Results
Demographic Characteristics
Adjusted Sex Differences in the Daily Risk of Rehospitalization and Death
The unadjusted and adjusted hazard rate ratios for risk after hospitalization for HF, AMI, and pneumonia are presented in Table 2 . In addition, disaggregated models adjusted separately for age, race, income, and comorbidities are presented in Tables III through V in the Data Supplement. Overall, the adjusted daily risk of first rehospitalization was different between sexes across admitting conditions. For example, after hospitalization for HF and AMI, the adjusted risk of first rehospitalization was higher for women than men (all P values <0.0001; Figure [A and B] ). In contrast, after hospitalization for pneumonia, the adjusted risk of first rehospitalization was significantly lower for women compared with men (P<0.0001; Figure [C] ). For both sexes in each disease condition, the risks Sex Differences in Rehospitalization Risk of first rehospitalization were highest 3 days after discharge for HF, 2 days after discharge for AMI, and 2 days after discharge for pneumonia and then declined to 50% after 42 days, 14 days, and 28 days, respectively (Table 3) .
Adjusted risks of first rehospitalization approached periods of minimal day-to-day change for both sexes by 60 days after hospitalization for all 3 conditions (Table 3) . After discharge for HF, AMI, or pneumonia, the number of days required for the daily change in the adjusted risk of first rehospitalization to decline 95% from the maximum daily decline was 60, 42, and 47 days, for both men and women, respectively (Table 3) .
In contrast with the adjusted risk of rehospitalization, the adjusted risk of death was consistently lower for women than men for all disease conditions (all P values <0.0001; Figure [A] through [C] ). Adjusted risks of death were highest on day 3 for both sexes in each condition and then declined 50% after 15, 7, and 13 days, for men and women, respectively, after hospitalization for HF, AMI, and pneumonia (Table 3) . 
Sex Differences in Rehospitalization Risk
Adjusted risks of death approached periods of minimal day-to-day change by 19 days after hospitalization for both sexes and all 3 conditions (Table 3) . After hospitalization for HF, AMI, or pneumonia, the number of days required for the daily change in risk of death to decline 95% from the maximum daily decline was 15, 19, and 17 days, for both men and women, respectively. Overall, the risk of death reached a stable period sooner than the risk of first rehospitalization for both sexes (Table 3) .
When assessing the interaction between age and sex on rehospitalization, this was statistically significant across conditions (Tables VI and VII in the Data Supplement). An agesex interaction was present for rehospitalization on AMI and HF (ie, women at higher risk compared with men at each age stratum); however, women had a lower risk for pneumonia at each age stratum (all P values for interaction <0.05). For mortality, men seem to be at higher risk than women at each age stratum (all P values for interaction <0.05).
Sex Differences in the Relative Risk of Rehospitalization and Death in the Study Populations Compared With the Medicare FFS Population
Adjusted risks after hospitalization was markedly higher for recently hospitalized patients compared with the comparator population of Medicare FFS beneficiaries for both sexes (Table VIII in the Data Supplement, Figure IA through IC in the Data Supplement). For example, after hospitalization for HF, the age-race-income standardized relative risk of rehospitalization for men, comparing men in study population to men in general elderly population, was 15.7× (95% CI, 15.6-15.8×) greater over the first 30 days after discharge and then decreased at regular intervals until it was 3.5× greater (95% CI, 3.5-3.5×) over the first 365 days. Comparing the sexspecific study population to the sex-specific general elderly population, men had smaller relative risks than women in the HF and AMI cohorts but had larger relative risks in pneumonia cohort.
In addition to data on rehospitalization, death was also markedly higher for the recently hospitalized patients compared with the comparator population of Medicare FFS beneficiaries for both sexes. For example, after hospitalization for HF, the age-race-income standardized relative risk of death for men was 19.6× (95% CI, 19.4-19.8×) greater over the first 30 days after discharge and again continued to decrease at regular intervals until it was 6.7× greater (95% CI, 6.7-6.8×) over the first 365 days. In addition, comparing the sex-specific study population to the sex-specific general elderly population, men had higher relative risks than women in the HF and pneumonia cohorts but had lower relative risks in the AMI cohort.
Discussion
This study demonstrates that there is considerable heterogeneity in the association of sex with rehospitalization risk in the full year after discharge across admitting conditions, with women demonstrating a modest but significantly higher risk for rehospitalization after AMI compared with similarly aged men. In contrast, men are consistently at higher risk of death across all studied conditions in the year after discharge. Results from this study suggest that vulnerability after hospitalization has complex relationships with sex and that this phenomenon seems to be condition specific.
This study extends the literature in several important ways. First, this is the largest study with the most comprehensive ascertainment of outcomes to investigate sex differences in patterns of daily risk for rehospitalization. Second, findings extend knowledge beyond single disease states, predominately AMI, and simple event rates over discrete time periods (eg, 30-day readmission) by calculating dynamic risk trajectories after hospitalization for 3 common conditions. [1] [2] [3] 5 The focus on multiple conditions is a major strength because this provides insight into understanding sex differences in patterns that persist and do not persist-and is not about a single predictor or outcome-which could only be demonstrated by comparing across conditions. Results extend our previous findings showing that younger women (<65 years) are more susceptible than men to rehospitalization at 30 days after AMI despite adjustment for a range of extensive confounders. 1 This study builds on these results by demonstrating that this excess risk in older women, compared with men, extends to the full year after hospital discharge even after adjusting for age, race, income, and comorbidities, suggesting that other factors may be contributing to this risk. Third, we have also demonstrated important AMI indicates acute myocardial infarction; HF, heart failure; and HRR, hazard rate ratio. Sex Differences in Rehospitalization Risk differences by age. For example, women are at higher risk for rehospitalization compared with men at each age stratum for HF and AMI but have a lower risk for pneumonia. In contrast, for mortality, men seem to be at higher risk than women at each age stratum across all admitting conditions. These data are also supported by our previous work. For example, we have shown previously that regardless of age, women have a higher risk of rehospitalization compared with men over the first year after AMI. Although this increased risk persisted after adjustment for clinical factors, the poorer health and psychosocial state of women attenuated the difference. 6 Last, we also extend the literature by providing information on sex differences in patterns of rehospitalization risk on HF and pneumonia, which have been less extensively investigated than AMI.
We observed significant heterogeneity in the adjusted sex differences in the risk of rehospitalization by condition, with Daily risks of first rehospitalization and death by sex after hospitalization for heart failure (HF), acute myocardial infarction (AMI), or pneumonia. Daily risk is described using hazard rates. We show daily risks for 1 y after hospitalization for HF, AMI, or pneumonia in (A), (B), and (C), respectively. Sex Differences in Rehospitalization Risk women having a higher rehospitalization risk than men after AMI in contrast with HF or pneumonia. Although the mechanism for this pattern of rehospitalization in women is unknown, there are a variety of biological and behavioral hypotheses which merit further discussion. For example, women are more susceptible to post-AMI complications (ie, bleeding events and longer lengths of stay) 22, 25 and have more unfavorable psychosocial risk profiles than men, which may hinder their recovery over the full year. Women also have a higher burden of stress, poorer health status and quality of life, 23,26 more depression, 5, 27 and fewer social supports post-AMI. 28 The lack of social support is one hypothesis because women in this study were older and may be widowed and more likely to be living alone. [29] [30] [31] The effect of sex on rehospitalization for patients with HF is less understood. However, this may be explained by women's increasing age and improved systolic function when compared with men. 32 In addition, women are known to have a poorer quality of life after HF, with more functional impairment, as well as more depression. 32 In contrast to AMI and HF, women may have a lower risk of rehospitalization for pneumonia because of a higher level of preexisting complications in men. For example, men are more likely to smoke than women and have a lower immune response. 33, 34 In addition, men have also been shown to have more chronic mucus hypersecretion, which may worsen prognosis and increase likelihood of death. 35, 36 Last, behavioral factors may also play a role because women may be more proactive than men about receiving further treatments after hospital discharge. 37 Further research is required to disentangle the determinants of rehospitalization risk, particularly how it varies across conditions. In contrast to the heterogeneity across conditions for rehospitalization, men are consistently at higher risk for mortality across studied conditions for the entire year after discharge. These findings merit further discussion on how they advance the field. For example, in terms of AMI, although women (particularly younger women) have been shown to be at increased risk for mortality after AMI in unadjusted analyses, 22, 25 much of this disparity has been attributed to differences in age and a clustering of attendant comorbidities (ie, diabetes mellitus, hypertension, and previous coronary artery disease). 8 In fact, after adjustment for these differences, previous data suggest that women actually show an increased survival rate compared with men. 9, 38 Our findings support this concept, as although women had a significantly higher crude risk for mortality after AMI than men, this risk was reversed after adjustment for socioeconomic status and comorbidities in our present analysis. This suggests that the relative contribution of these factors may be accounting for the observed sex differences in the risk for mortality. About HF, the majority of studies suggest that women have better age-adjusted survival rates after HF than men, 39, 40 mainly because of a preserved ejection fraction, but have a poorer health status, and increased HF hospital stays. 32 Although the data on risk of mortality for pneumonia are mixed, 41, 42 men are generally more susceptible to mortality from pneumonia than women.
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Study Implications
Our data confirm that the association of sex with posthospitalization risk is complex and seems to be condition specific. Although the association of sex with rehospitalization risk is heterogeneous across conditions, women remain at higher risk for AMI compared with men over the full year after hospital discharge. This phenomenon persists even after adjustment for age, race, income, and comorbidities. Future research should be focused on understanding determinants of sex differences in rehospitalization risk among conditions. Nevertheless, physicians and hospitals should remain vigilant that patients remain at high risk of rehospitalization and mortality for the full year after hospital discharge. These findings indicate that postdischarge rehabilitation programs for patients may need to be extended beyond the initial month after hospital discharge.
Limitations
Our study has several limitations. First, the study sample was derived from the Medicare FFS population and thus may not be representative of all Medicare beneficiaries. Nevertheless, this data set is the most representative of older patients in the United States. Second, our study focused on patients aged 65 years and older and may not represent the experience of younger patients. However, the risk trajectories in younger patients do resemble those of older individuals. 48 Third, we used administrative claims data for risk adjustment and for the cohort definition. Models with these codes have been found to be concordant with those with clinical data. Also, for cohort definition, the codes have been shown to have good sensitivity and specificity. 49, 50 Last, as our analysis is based on administrative claims data, we lacked crucial information on potential explanatory factors, which may explain the sex differences observed on mortality and rehospitalization over the full year after hospital discharge. For example, we lacked data on location of AMI and disease severity (ie, left ventricular ejection fraction), as well as detailed information on sociodemographic factors (ie, cohabitation) and patient-reported outcomes, including health status (symptoms, functioning, and quality of life), depression, stress, and social support, which have all been found to be important in previous studies of recovery in AMI. 23, 27, 28 Thus, although we recognize that adjustment may not be complete, we have provided unique insights into understanding sex differences in risk trajectories and daily estimates across multiple conditions for rehospitalization and mortality.
Conclusions
In conclusion, we observed a heterogeneous association of sex with risk of rehospitalization across admitting conditions, although women had a modest but significantly higher readmission risk after AMI. In contrast, men were consistently at higher risk for mortality than women across all conditions. In all cases, however, risks of both rehospitalization and mortality remain elevated for an extended time after hospital discharge. Future research should be focused on understanding the determinants of this readmission risk across conditions, particularly for AMI, to provide targets for future interventions to improve recovery for patients. 
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